Prediction and Validation of Native and Engineered Cas9 Guide Sequences.
Cas9-based technologies rely on native elements of Type II CRISPR-Cas bacterial immune systems, including the trans-activating CRISPR RNA (tracrRNA), CRISPR RNA (crRNA), Cas9 protein, and protospacer-adjacent motif (PAM). The tracrRNA and crRNA form an RNA duplex that guides the Cas9 endonuclease to complementary nucleic acid sequences. Mechanistically, Cas9 initiates interactions by binding to the target PAM sequence and interrogating the target DNA in a 3'-to-5' manner. Complementarity between the guide RNA and the target DNA is key. In natural systems, precise cleavage occurs when the target DNA sequence contains a PAM flanking a sequence homologous to the crRNA spacer sequence. Currently, the majority of commercial Cas9-based genome-editing tools are derived from the Type II CRISPR-Cas system of Streptococcus pyogenes However, a diverse set of Type II CRISPR-Cas systems exist in nature that are potentially valuable for genome engineering applications. Exploitation of these systems requires prediction and validation of both native and engineered dual and single guide RNAs to drive Cas9 functionality. Here, we discuss how to identify the elements of these immune systems to develop next-generation Cas9-based genome-editing tools. We first discuss how to predict tracrRNA sequences and suggest a method for designing single guide RNAs containing only critical structural modules. We then outline how to predict the PAM sequence, which is crucial for determining potential targets for Cas9. Finally, validation of the system elements through transcriptome analysis and interference assays is essential for developing next-generation Cas9-based genome-editing tools.